Based on the analysis of available published data and archival data along 24 sightlines (5 of which are new) we derive more accurate estimates of the column densities of OH and CH towards diffuse/translucent clouds and revisit the typically observed correlation between the abundances of these species. The increase in the sample size was possible because of the equivalence of the column densities of CH derived from a combination of the transitions at 3137 & 3143 , and a combination of transitions at 3886 & 3890 , which we have demonstrated here. We find that with the exception of four diffuse clouds, the entire source sample shows a clear correlation between the column densities of OH and CH similar to previous observations. The analysis presented also verifies the theoretically predicted oscillator strengths of the OH A-X (3078 & 3082 ), CH B-X (3886 & 3890 ) and C-X (3137 & 3143) transitions. We estimate N (H) and N (H 2 ) from the observed E(B − V ) and N (CH) respectively. The N (OH)/N (CH) ratio is not correlated with the molecular fraction of hydrogen in the diffuse/translucent clouds. We show that with the exception of HD 34078 for all the clouds the observed column density ratios of CH and OH can be reproduced by simple chemical models which include gas-grain interaction and gas-phase chemistry. The enhanced N (OH)/N (CH) ratio seen towards the 3 new sightlines can be reproduced primarily by considering different cosmic ray ionization rates.
INTRODUCTION
The OH molecule was discovered using the Λ doublet transition observed between the levels of the ground rotational state 2 Π 3/2 J = 3/2 at 18 cm (Weinreb et al. 1963 ); later its electronic transitions were identified in ultraviolet spectra of bright OB-stars (Crutcher & Watson 1976; Chaffee & Lutz 1977; Felenbok & Roueff 1996) . Two lines of the A 2 Σ + -X 2 Πi band near 3078 and 3082 are available to ground-based observatories and in a series of papers (Weselak et al. 2009 (Weselak et al. , 2010 estimates of OH column densities along 17 translucent lines of sight from these transitions have been derived. These observations performed using the high-resolution VLT/UVES-spectrograph verified the oscillator strengths for the 3078 and 3082 and also suggested a close correlation between the column densities of OH and CH molecules. Early chemical models have suggested production of hydrides like OH and NH due to grain catalysis reactions (Wagenblast et al. 1993) . Hence observation of OH to derive abundances towards translucent sightlines with larger than normal far-UV extinction is interesting. In-⋆ E-mail: bhaswati@tifr.res.in terstellar CH is often observed using its strongest A-X transition at 4300. However this line being saturated, reliable estimates of CH column densities are derived from the spectral lines due to the weaker B-X system at 3886 (Kre lowski et al. 1999; Weselak et al. 2004) . There exist many studies of CH to explore its correlation to the diffuse interstellar bands (DIBs) at 5780 and 5797 (Kre lowski et al. 1999 ). However availability of data for OH is significantly worse. Observations have shown the abundances of CH molecule to be tightly correlated with those of the H2 molecule (Mattila 1986; Weselak et al. 2004; Sheffer et al. 2008) . The correlation is sufficiently strong so that in many recent studies column densities of CH have been used to derive estimates for H2 column density (Sheffer et al. 2008; Wiesemeyer et al. 2016 ). The correlation is understood in terms of higher formation rates of CH in reactions involving molecular hydrogen.
The aim of this work is to incorporate the newly available OH and CH data for 13 lines of sight (5 of which are new) in order to investigate the correlation between OH and CH in diffuse/translucent molecular clouds. This correlation is particularly interesting considering the tight correlation between CH and H2. We shall show that the oscillator c 2016 The Authors strengths for the C-X system of lines of CH at 3137 are correct so that these can be equivalently used to determine the column densities of CH. We shall use simple chemical models to check whether the observed correlation between OH and CH or the absence of it is predicted by the chemical models.
UV SPECTROSCOPIC DATASETS
We extend the analysed sample of Weselak et al. (2010) by combining it with sample of the highly reddened early-type stars which were analyzed by Bhatt & Cami (2015) . In order to complete the information on all the lines of sight as much as possible, we have also analyzed fully processed UVES/VLT data of both pairs of CH lines, obtained from the ESO Science Archive Facility 1 . Bhatt & Cami (2015) had identified 30 known features (11 atomic and 19 molecular) and tentatively detected up to 7 new interstellar absorption lines of unknown origin towards 346 targets. Out of this entire sample only for 13 sources observations of both the 3078 and 3082 transitions of OH were available. Out of these 13 sources 8 were already present in the sample used by Weselak et al. (2010) . The observed data for the two CH transitions B 2 Σ − -X 2 Πi at 3886 and 3890 for 19 of these sightlines were also presented by Weselak et al. (2010) . Bhatt & Cami (2015) presented the C 2 Σ + -X 2 Πi transitions of CH at 3137 and 3143 for the 12 out of the 13 sources in which OH was observed. Thus we finally have 24 sources, 19 from Weselak et al. (2010) and 13 from Bhatt & Cami (2015) , of which 5 sightlines are new. Table 1 presents the spectroscopic details, frequencies, and f -values of the transitions of OH and CH considered here. Table 2 presents the observed equivalent widths (EW) of the OH lines at 3078 and 3082 and Fig. 1 shows a plot of the same. We find that excluding HD 114213 (with the largest EW(3082)), the equivalent widths of the two transitions show a correlation of 0.92, which is somewhat worse than the estimates of Weselak et al. (2009) . From the slope of the line of regression we estimate the ratio of the equivalent widths of the two transitions to be 1.62±0.08. The wavelengths of the two transitions being similar, the equivalent widths are expected to have a ratio similar to the ratio of the f -values of the two transitions. The derived ratio matches well with the estimate (1.62) based on the f -values of the two transitions.
RESULTS AND DISCUSSION
For all the unsaturated lines of OH and CH we estimate the column densities using the relationship proposed by Herbig (1968) :
where W λ and λ are in , column density is in cm −2 and the f -values used are taken from Out of the 24 sources, for 19 sources we have measurements of the 3137 and 3143 transitions and for 22 sources we have measurements of the 3886 and 3890 transitions of CH (Table 2) . We have re-measured all the CH equivalent widths from the UVES/VLT archival data and find that in most cases our measurements are consistent with the published work of Weselak et al. (2010) ; Bhatt & Cami (2015) . We have revised the values of the equivalent width of the 3886 CH line towards HD 27778 and both the 3886 and the 3890 CH lines towards HD 154445. Figure 3 shows a plot of estimated N (OH) as a function of N (CH). For clarity, we have used different symbols to indicate which of the two pairs of transitions was used to derive the N (CH). We find that for most of the sightlines the column densities of OH and CH occupy a band in the plot, except towards BD-14 5037, HD 114213, HD 161056 and HD34078. The overall correlation coefficient is 0.61 between N (OH) and N (CH), which is significantly worse than the value presented by Weselak et al. (2009) . However, the correlation coefficient improves to 0.94 (black dashed line) when the four outliers are removed, although it is still less than the 0.99 obtained by Weselak et al. (2010) . For the 4 out of 24 sightlines which do not show the correlation between N (OH) and N (CH) as seen in the other source, the deviation can not be explained in terms of the observational uncertainties.
Combined analysis of all available datasets on OH and CH observations of diffuse clouds enable us to further revise the relation between the column densities of the two molecules for 20 sightlines to [N(OH) = 2.41±0.21 N(CH) Roeuff (1996) and 3. Lien (1984) 0. We have used here the -20 km s −1 , which is identified in all the spectral lines considered here, since the relative shift in the velocity is smaller than the observed FWHM of the lines (Bhatt & Cami 2015) . The sightline towards HD 161056 however shows only one velocity component, although the heliocentric velocities at 3078, 3082, 3137 and 3146 are -9.4±0.1, -11.0±0.1, -12.7±0.3 and -14.0±0.3 km s −1 respectively (Bhatt & Cami 2015) . As with the other two sources, the shifts in central velocities are smaller than the FWHM of the lines. Thus, for the three sources HD 114213, HD 161056 and BD-14 5037 as with HD 34078 the lack of correlation between N (CH) and N (OH) can not be explained in terms of any observational uncertainties. It is clearly obvious that along the sightlines towards HD 114213, HD 161056 and BD-14 5037, the OH/CH ratio are 2-3 times the value seen in the other diffuse clouds.
MOLECULAR HYDROGEN FRACTION IN DIFFUSE CLOUDS
Based on theoretical predictions and the observed correlations between CH and H2, of late N (H2) is often derived from the observed N (CH) assuming CH/H2 = 3.5 10 −8 (Sheffer et al. 2008; Wiesemeyer et al. 2016 , and references therein). It is also possible to estimate the column density of hydrogen nuclei using the measured E(B − V ) by using the relationship N (H) = 5.8 10 21 E(B − V ) (Bohlin, Savage, & Drake 1978) . For all the lines of sight considered here, since both E(B − V ) and N (CH) are available, we have estimated
and do not find any correlation between N (CH)/N (OH)) and fH 2 . The sources, HD 161056 and HD 114213, both of which show high N (OH)/N (OH) ratios have fH 2 of 51% and 19% respectively. For 17 lines of sight fH 2 is ≤ 0.4, with BD-14 5037 and HD 34078 showing 11% and 80% molecular hydrogen fraction, respectively. We discuss the anomalously high N (CH) shown by HD 34078 later in the paper.
CHEMICAL MODELING OF THE DIFFUSE CLOUDS
We have constructed chemical models for the diffuse/translucent clouds using the Astrochem code (Maret & Bergin 2015) together with the reaction coefficients from the OSU 2009 and examined the predicted OH and CH abundances. The models consider a variety of gas phase processes, as well as simple gas-grain interactions, such as the freeze-out and desorption via several mechanisms (thermal desorption, cosmic-ray desorption and photo-desorption). We have run a grid of models covering a range of values for the relevant physical parameters in order to ascertain the parameters to which the CH and OH abundances are the most sensitive. We used the abundances of both CH and OH at 10 6 yr since both attain a constant value beyond 10 5 yr. Typically in these models, OH abundances are quite sensitive to the cosmic ray ionization rate (ζCR), with the abundance decreasing with increase in ζCR. Figure 4 shows a plot of N (OH) as a function of N (CH) as predicted by the models which are detailed in the caption. The purpose of constructing these models is to understand whether these also predict the observed correlation between N (CH) and N (OH) and not to model the diffuse/translucent clouds each line of sight accurately. The modeling is also aimed to understand whether the four lines of sight which lie outside of the correlation band (Fig. 3 ) are generally consistent with these simple chemical models that consider gas-grain interactions and gas-phase reactions but do not include the effects of shock or turbulence.
We have considered multiple values of N (CH) and used the CH abundances predicted by a model corresponding to a set of input parameters to estimate N (H2) and then used this N (H2) to estimate N (OH) from the OH abundances predicted by the model. In Fig. 4 we plot the observed values of N (OH) and N (CH) for the 24 sightlines presented here. We find that broadly the model corresponding to nH=500 cm −3 , ζCR = 10 −14 s −1 , AV= 2.0, fH 2 =0.3, UV radiation (χ) = 5 and Tgas=30 K (solid black line in Fig. 4) −5 . In order to estimate the effect of variation in the input parameters we also show predictions from models in which the parameters like nH, ζCR and AV are varied relative to the parameters of Model A, one parameter at a time (Fig. 4) . Relative to Model A, the presence of correlation between OH and CH does not change drastically when a) fH 2 is varied up to 0.8, b) Tgas is assumed to be 10 and 20 K and c) χ is reduced to 1. In order to show that it is indeed possible to find a chemical model which is reasonably consistent with observed parameters and still reproduce the observed OH/CH ratio for one of the outliers we have constructed a model for HD 114213, one of the outliers. Shown in left bottom panel of Fig. 4 in green continuous line is the prediction of a model with AV= 3.0 (consistent with observed E(B − V )), nH=500 cm −3 , ζCR = 2.5 10 −16 s −1 , Tgas=30 K and fH 2 =0.3, which reproduces the observed N (OH) and N (CH) quite well. This is by no means a unique model, since there are several free parameters and fewer observational constraints, however this shows that the observed column density ratios are not inconsistent with the chemical models. Thus overall, we find that with the exception of HD 34078, the observed ratio of column densities of OH and CH can be reproduced in all clouds by the chemical models which do not involve any shock chemistry. The extremely low N (OH) relative to N (CH) as seen in HD 34078 can not be explained even by varying the input parameters over a much larger range than what has been shown in Fig. 4 .
The line of sight towards HD 34078 has been studied extensively using FUSE spectra and later millimeter CO observations by Boissé et al. (2005 Boissé et al. ( , 2009 . This line of sight shows anomalously high CH/H2 as well as CH + /H2 ratios which have been explained by the presence of a nascent bow shock around the star, at the interface between the stellar wind and the ambient interstellar medium, where the material is strongly compressed (Boissé et al. 2005) . There is no corresponding enhancement of OH abundance, which indicates that the OH absorption is due to the more quiescent H2 gas located beyond the photodissociation front and shocked region (Boissé et al. 2009 ).
The correlation of CH with H2 is explained in terms of the higher formation rates of CH due to reactions involving molecular hydrogen (Federman 1982) . The formation of OH on the other hand is strongly influenced by grain-surface catalysis, which implies that presence of dust grains (and hence possibly H2) would enhance OH formation rates (Wagenblast et al. 1993 ). This can be a possible reason behind the significant correlation between OH and CH in translucent clouds. However as seen from the chemical models several combinations of the input parameters can lead to similar abundance ratios for the two species. Thus in order to obtain a more quantitative view of the correlation, accurate modeling of individual sources with further constraining observations is necessary.
CONCLUSIONS
The equivalence of the CH column densities derived from a combination of transitions at 3137 and 3143 and a combination of transitions at 3886 and 3890 has enabled us to combine types of CH datasets. This has resulted in an increase in the number of sightlines for which both N (OH) and N (CH) have been observed. With the exception of four sightlines, the column density of OH appears to correlate well with the CH column density in all sources. The derived relationship between N (OH) and N (CH) is thus based on a dataset with larger number of sightlines observed with lower uncertainties than the previous determinations. These results also verify the oscillator strengths for all the transitions which have been observed. We find that the N (OH)/N (CH) ratio is not correlated with the fraction of molecular hydro- gen in these clouds. We show that except for the line of sight toward HD 34078 which is thought to show signatures of shock-induced increase in CH abundance, the observed OH/CH ratios in all other clouds are well reproduced by the chemical models considered here. 
